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Cosumnes Ri~er Presgrue        1

I. Executive Summary
Ditching, diking, draining and diverting water from rivers, creeks and marshes has severely

degraded water resources throughout the world (National Resem’ch Council 1992). Naturally wet
landscapes have been dried and their ecosystems lust or endangered. This freshwater crisis is the
most critical environmental problem in the state, the Central Valley, and the bay/delta system. The
most important positive action is to restore, as much as possible, the eom of the natural water
system, the wet corridors, where the retention and flow of water is greatest, in the rivers, creeks
and marshes (National Research Council 1992, Mitsch and Gosselink 1993, Katr and Chu 1999).
The Nature Conservancy’s Cosumnes River Project is the best example of river restoration in an
agricultural landscape within the state. Wherever possible, the example should be emulated along
every wet corridor in the CALFED project area. No other management strategy is more important.

The Cosmmaes River Preserve illustrates fire three most important landuse practices or
experiments that can be implemented along the wet corridors of the valley: 1) restoring natural river
meander, 2) vegetating all waterways with appropriate native plant communities, and 3) conducting
minimum ecological impact farming on lands adjacent to rivers. These landuse strategies, or
experiments, maximize the recovery of all ecosystem services from the wet landscape, including
greatly improved surface water retention, flood protection, water quality, ground water recharge,
biodiversity and habitats for fish and other aquatic organisms. The strategies are consistent with the
CALFED ERP objectives, focusing on priority habitats and species, and are fundamental to the
success of the Strategic Plan for Ecosystem Restoration. Restoration of wet corridor ecosystems is
essential to a sustainable future in all watersheds.

The three landuse experiments on the Preserve should be monitored to educate the broadest
spectrum of the public about the need for ecosystem restoration, its successes, and the costs and
benefits. Tb.e experiments have been in progress for a number of years. This proposal, concerns the
first monitotfng of improvements to water quality and benthic invertebrate communities, which are
the best indicators of ecosystem development and general health (Karr and Chu 1999) as a result of
these experiments. Plankton corrm~unities will be sampled in floodplain habitats to provide a more
complete ecosystem perspective. The proposed monitoring will be compared to ongoing sampling
of fishes, birds, and the succession of riparian plant communities on Ihe Preserve, with all studies
integrated to evaluate habitat quality for fishes and the entire aquatic ecosystem.

The most important landuse strategy, implemented on tbe Preserve is to open dikes allowing the
Cosumnes Ri’,ser to flow and flood more naturally, and where necessary to construct secondary
bm~ns defining a uluch wider natural wet corridor. Fortunately’, this is possible along extensive
river reaches in agricultural landscapes, but still only involves the conversion of a small fi’action of
farmland to wet ecosystem. The recoveI3’ of the river ecosystem on the adjacent low floodplain
iovcr 50~ acres) greatly improves flood protection, as illustrated on the Preserve in the 1996
floods; and provides large habitat areas for the early life stages of threatened native fish species,
including Chinook salmon, splittail nnd delta smelt. The developing plant communities create a
wetland filter improving water quality and habitat for fish prey communities -- the focus of our
sampling.

The second landuse strategy implemented on the Preserve is to vegetate drainage ways with
native plant communities. Well developed plant communities along the old ditch systems (about 50
acres of sloughs) greatly improve water quality, fish habitats, and aquatic ecosystems. The
adjacent agricultural landscape is cut with extensive ditch drainage systems that are mostly
unvegetated. The ditches have poor habitat and water quality. Almost all uncultivated fma~land is
kept free of vegetation or is periodically covered with invasive non-native plants; this includes the
drainage ditches,

The third landuse strategy involves a wide variety of practices that can minimize adverse
impacts to adjacent wet ecosystems. On the Preserve, this proposa[ focuses oar organic dee farming
which has been developed adjacent to the sloughs and restored river areas. Properly managed,
these fields significantly improve water quality and provide wetland ecosystems that are used by
invertebrates, waterfowl and other birds. Aantber important landuse practice on the Preserve has
been to vegetate all uncultivated bare ground with appropriate native plant communities, such as the
edges of fields, roads, staging areas, and impervious surfaces. Although these upland habitats eae
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not the focus of the present proposal, they undoubtedly have it~direet positive ~.mpacts nn aquaria
ecosystems and will be considered in the sampling design.

The Cosurnnes River Project implements the most important examples of ecosystem restoration
in the CALFED project area, providing an unprecedented opportunity to document improvements
to water quality and concomitant recovery of freshwater habitats and ecosystems. The study has
particular utility in assessing the increase in habitat value for fishes. We will monitor the three
primary landuse experinaents by sampling: 1 ) a series of water quality parameters, 2) benthic
invertebrate communities (ecosystem health indicators), 3) physical and chemical properties of the
sedimentary habitats (as pan of a broader habitat characterization), and 4) midwater plankton
within the floodplain. Combined with ongoing sampling of fishes, birds and plant communities,
these new data will illustrate the success of the Preserve Project. They are essential for educating a
broad spectrum of the public, for developing economic and ecological costs and benefits, and for
spreading the restoration strategies diroughout the Central Valley and state. Sampling of benthic
invertebrate communities and plankton will also be a valuable and necessary first step toward
developing standard rapid bioassessmeot indices for seasonally flooded habitats and sloughs.

Our group has sampled benthic invertebrate communities in coastal ecosystems around the
world for many years, using a wide variety of technologies and analytical approaches. More
recently we have developed partnerships to sample benthic invertebrate and algal comnaunities in
freshwater ecosystems. We also have sampled sediment and water quality in coastal watersheds
and througbout the ocean. In the last 5 years, we established the Watershed Institute and
implemented over 30 habitat restoration projects in die Monterey Bay area, mostly in the Salinas
Valley, an agricultural landscape widi a highly degraded natural water system similar to the Central
Valley. We developed a partnership with the Nature Conservancy because the Cosurnnes River
Project is the most realistic, large-scale example of river restoration in the extensive ram-ling
landscapes of the state. We are unlikely to open dikes along the Salinas River for another decade or
more. The documented success of the COSUltmes Project and the ensuing cost/benefit analysis will
help implement similar projects in the Monterey Bay area, where we also carmol have a sustalnable
future without the restoration of the core of oar natural water system (Gordon 1996, Oliver et at.
1997). At approximately $150,000 per year, the proposed 3-year study is both economical and
cost effective. The project directly links and enhances the results of other studies on the Preserve as
well as other bay-delta watersheds.

I1. Project Description
The Nature Conservancy implemented ttuee landuse strategies/experiments in the Cosumnes

River Preserve that are outstanding examples of restoration and land management around a major
ri~,er. These experiments make the Preserve the best example of ecosystem restoration in the
bay/delta area, the Central Valley, and throughout the extensive agricultural landscapes of the state.
While the increase in habitat value from the restorations is well recogrdzed, the collateral positive
impacts to regional water quality have not been documented or recognized. We propose to sample
water quality and aquatic ecosystems to assess the success of these tlwee restoration and landuse
practices in the Preser,’e, particularly success at cleaning surface waters and developing aquatic
habitats and ecosystems.

A, Landuse Strategies/Experiments
1, Seasonally flooded river habitat

Like most rivers and creeks in the Central Valley, the Cosumnes River was straightened,
channelized, and diked. The river was expanded several times in the Preserve by opening dikes
in locations where the fiver historically flowed. This action, combined with ecologically
engineered secondary dikes, defines a more natural river area while protecting adjacent land use.
Throughout the wet season, formerly cultivated lands are submerged, the river carves new
channels, and aquatic habitats gradually develop. Oak woodlands are now flourishing with
seasonal flooding. Cotlonwoods, willows, and other riparian plants colonized large areas after
each dike openings. Since dikes were opened at different times, gradients of natural ecologica!
successions have resulted around each opening. In addition, a new opening is likely to be ~lade
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during the proposed 3 year study, permitting us to sample the earliest stages of colonization and
habitat and ecosystem development. The developing wetland as a natural filter removes garbage,
suspended sediments, nutrients, and other chemical contaminants from water. Water quality and
benthic and planktonic communities have not been sampled from any of these flooded river
habitats.

2. Naturally vegetated ditches/sloughs
The historic farm ditches of the Preserve are antumlly vegetated and referred to as sloughs. The
native plant communities provide habitat structure for fishes and other aquatic animals as well a~
a wetland filter to improve water quality. Farm land around the Preserve support ditch s:ystems
with little or no native or even weedy vegetation. Habitat values and water quality are poor.
These ditches provide a revealing contrast to Ihe naturally vegetated sloughs in the Preserve.
Water quality and aquatic communities have not been sampled in either the natural or ditched
systems.

3. Wetland orgmtie rice farming
Organic rice farming is an econmt~ically viable practice which sustains wetlands within the low
floodpl~n adjacent to the expanded river. Modern organic rice farming offers a refuge to
wildlife, particularly waterfowl, without the pesticide loading of conventional rice farming.
While organic rice farming appears to have a beneficial effect on water quality, it has not been
documented--nor have the general ecosystem values that are indicated by benthic invertebrate
communities. Our results can be compared to ecosystem values of conventional rice farming
under cultivation practices that are more and less friendly to waterfowl. On the Preserve, rice
fields are conscruered to drain into the adjacent natural wetlands. These persistent wetlands may
provide important habitat refuges for animals that use the seasonally flooded rice fields, and may
enhance the general habitat and ecosystem value of the cullivated wetlands and the Preserve
lands in general.

B. Primary Research Activities
I. Water Quality

The proposed study will provide the first data te demonstrate the changes in water quality as it
flows across the recovering floodplain and through the sloughs and organic rice fields on the
Preserve. Water quality monitoring stations will be located where water overflows into the top of
the recovering floodplain and where it enters the slough system at the bottom. Stations also will be
located at vegetated slough sites within the Preserve and in non-vegetated ditches on adjacent farm
lands. Other stations will be located where water ente~ rice fields and where it flows oul.
Sampling locations, times, and target measurements will be coordinated with existing water quality
monitoring programs in the fiver above and below the Preserve. Sediment and nitrate in water will
be used as a general fiadicators of drainage inputs, particularly from farm, dairy, and grazing land
(Oliver et al. 1997). These inputs will be monitored seasonally and at peak rainfall events.

2. Habitat Quality
In addition to water quality, physical and chemical characteristics of the sedimentary

environments will be sampled at each water quality station as part of a larger evaluation of habitat
quality. The habitat conditions, including flow regime, will be compared/correlated to benthic
invertebrate communities to help describe and assess ecosystem health, and will be used in
selecting parameters to include in a multi-metric index of ecosystem health (see below). Plankton
will be sampled from the flooded river areas to provide additional information on habitat quality for
fishes.

3, Ecosystem Health
Benthic invertebrate communities will also be sampled at the water quality sites. We need

realistic biological data to indicate the health or status of ecosystems, especially wet ecosystems.
Using benthic invertebrate communities, the Environmental Protection Agency’s rapid
bioassessment prolocol integrates the effects of water quality over time; is sensitive to mulliple
aspects of water and habitat quality; and is a more realistic mad useful expression of ecological
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health than chemical or toxicity analyses (Gibson 1996, Barbour et at. 1997, Karr and Chu 1999).
Fish indices are less aseful, particularly for systems west of the Rocky Mountains, especially in
California (Moyle & Marchetti 1998) and specifically in the Cosutrmes River. Karr and Chu (I999)
describe the development and application of rapid bioassassment in running water. Benthic
invertebrate communities are sampled and population and community parameters axe used to
generate a simple index of ecosystem health. The index is realistic and based on aound disturbance
ecology. Parameters are used only if they are known to respond to gradients of environmental
.disturbance. For example, oligochaete worms are abundant in organic rich sediments (often highly
~mpacted by human activities) and less abundant in sediments with lower levels of organic material
(more natural conditions). In the marine environment, the most renowned indicator of organic
enrichment and many other disturbances is the polychaete worm, Capitella spp. (Pearson and
Rosenberg 1978. Grassle and Grassle 1976). A multimetric index is calculated based on
paramete~ (called metrics) that are known to change along disturbance gradients.

In the proposed study, we will work with the CDFG Water Pollution Control Laboratory (Jim
Harrington) to develop metrics for ponded, deep, or bearable aquatic habitats which include the
seasonally flooded fiver habitats, the ~loughs, and flooded rice fields on the Preserve. Recall that
so far metrics are developed only for running water (Karr and Chu 1999). We will generate
population and corrtmunity data that can be correlated with a number of habitat variables which are
related to environmental disturbance gradients. We are working in different pouded, deep, and
bearable habitats in the Monterey Bay area, The work from both regions will contribute to the
objective of expanding rapid bioassessment into these aquatic habitats,

C. Proposed Scope of Work
Sampling sites and project location are shown in Figures 1 and 2. Figure 3 outlines the

schedule of tasks, and Table 1 shows the number of sampling stations and intervals for each task.

1. Field Work
Task 1 : We will establish stations where water flows into and out of each of the three types of

landuse exlx:riments, and will sample water quality at each station during periods of
representative water flow and retention. We will sample dissolved oxygen, temperature,
turbidity, pH, and conductivity using a Solomat multi-channel water quality probe. Water will
be collected for transport back to the lab for nutrient and other analyses.

Task 2: We will collect sediment samples at each station where benthic communities are sampled.
Sediment will be analyzed in rite laboratory for physical and chemical sedimentary structure as
part of a raore general habitat characterization. For example, we will make field observations on
ripple marks and other physical sedimentary structures, dead plant and other debris, living plant
cover, and hydrology.

Task 3: We will quantitatively sample plankton on the seasonally flooded river areaa to further
characterize habitat quality for fishes.

Task 4_: We will quantitatively sample benthic invertebrate communities at water quality stations
during the season when they are best developed (as determined by more frequent qualitative
sampling). We also will select several representative stations to quanrtatively sample more
frequently to document seasonal development of benthic communities. We will use or modify
standard rapid bioassessment techniques when applicable, including flow regime, as well as
protocols being used and devcloped by our group in the Monterey Bay area in cooperation with
the CDFG Water Pollution Control Laboratory.

2. Laboratory Work
Task 5: We will measure nitrates and phosphates in water collected from field stations and will

save some water samples for potential additional analyses in the future.
Task 6: We will measure the distribution of physical grain size and organic carbon content of

sediment samples collected from the field stations. Sediment will also be examined for othcr
habitat qualities such as dead and living plant material and biogenic structure such as tubes.

Task 7~ We will sort zooplankton and count them after identification to the lowest desirable laxon.
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Table L Field sampling station locations and times.

ItABITAT LOCATION TIME No. STA No. SAMPLE

WATER OUALITY FIELD SAMPLINQ

floodplain dike breaches when flooded 3 10
in winter/~pring

floodplain where water when flooded 3 10
enters down- in winter/spring
stream sloughs

slough Preserve year-round/ 3 10
seasonally

slough off-site/ year-round/ 3 10
adjacent seasonally

rice tleld water inlet when flooded 2 10
May-Jur~e

rice field water outflow when flooded 2 10
May-June

SEDIMENT FIELD SAMPLING
Grain size/organic carbon

samples will be collected concurrently with water quality samples above

BENTHIC INVERTEBRATE FIELD SAMPLING

samples will be collected concurrently with water quality samples above

PLANKTON TOWS

floodplain representative when flooded in 3 10
sub.habitats winterlspring
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T s~_k 8: We will sort benthic invertebrates and count them after identification to the lowest
desirable taxon, either to meet standard rapid bioassessment protocols, to modify the protocols
for the Preserve environments, or to gain insights into ecosystem development and health.
Additional insights may be gained by recording natural history such as reproductive status, sex,
size, and various behaviors.

3. Data Analyses
T s.._~kp_k 9: We will store water quality data in Excel, and calculate all summary statistics for graphical

and tabular presentations.
Task 10: We will store physical and chemical data fiom sediments and other habitat

characterization data in Excel, and calculate summary statistics for graphical and tabular
presentations.

Tas.~!~U.: We will store plankton and benthic invertebrate community data in Excel, and calculate
summary statistics for graphical and tabular presentations.

Task 12: We will use the water quality, sediment, and other habitat data to investigate the
relationship between potential environmental disturbance gradients and benthic community
patterns to select biological parameters for a multi-metric index (as described by Karr and Chu
1999). This is the first step in developing rapid bloassessment protocols for more ponded, non-
running waters.

Task 13: We will compare water quaIity and other measures of habitat quality with benthic
community patterns in graphical presentations. Searching for ~ealistic ecological patterns in the
descriptive statistics is the most irnportant first step in examining the monitoring data (Hudbert
1984). We will also explore statistical correlations, apply other pattern searching techniques
such as cluster analyses, and make inferential statistical comparisons where appropriate.

Task 14: Results will be presented in two annual data reports and in a final report for ~he project at
the end of the third and last year. The final report will be placed on a website that can be updated
and expanded.

T~ : San Jose State "University Foundation wiII administer the contract and provide the
contract fiscal manager. The project director will oversee all technical aspects of the research
including the field and laboratory work, data analyses, report writing, and interactions wilh co-
investigators and other research staff. The pr~ject manager will directly supervise and implemen’t
Tasks I-8, and work closely with the project director, co-investigators, and other research staff
to complete tasks 10-12.

D. Location and/or Geographic Boundaries of the Project
All sampling will t~ke place on and adjacent to the Cosumnes River Preserve (38°15.5",

121 °47.6’) Sacramento County, California (Figure 2). The Preserve is located entirely within the
Cosamnes River Waterslredi

III. Ecological Benefits
A. Watershed Degradation

Essentially all of the rivers and creeks in the Central Valley have been confined to narrow
channels by dikes. Most have been ditched. These narrow channels have severely degraded the
ecosystem services provided by a more natural water system, which normally would spread over a
broad wet corridor. Surface water is channeled and moves rapidly through the landscape with the
resnlt that flood storage is dramatically reduced, water quality is low, and wet ecosystems are
endangered. Ground water is often over pumped and impacted by surface waters with poor water
quality. There is less positive water pressure on most ground water recharge ureas. Fresh water is
diverted from one watershed to another. The landscape is becoming more arid because less water is
retained on the surfane and for shorter periods of time, and by the accumulation of salts. Salt water
from the bay intrudes further and further inland (Bay Institute 1998). Similar fresh water crises are
oCCmTing around the world, particularly in warm temperate climates (National Research Council
1992, Mitsch and Gosselink !993, Ba~bour et al. 1993, Rumrels 1995, Gordon 1996).
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B. The Best Solution: Cosumnes River Preserve Project
The most important positive action that can be taken to solve this watershed degradation is to

restore the core of the natural water system (National Research Council 1992, Mitsch and
Gosselink 1993, Oliver et al. 1997) as much as possible within the constraims of the human
disturbance landscape (including water diversions). The river needs to return to a more natural
hydrologic regime. This is a major objective of the Cosurnnes River Preserve Project, which has
been implemented on the Preserve and should be extended along the length of the river and to other
rivers and creeks.

The Preserve project is one of the foremost regional demonstration e×periments in the Central
Valley, because it implemants and demonstrates the most important solution to our degraded
watersheds. The Preserve project includes two additional landuse practices that are related to
restoring the river floodplain: vegetating farm ditches, which are higb3.y degraded creeks, with
native plant communities, and developing ecosystem-compatible organic rice farming around the
restored river and sloughs (vegetated farm ditches).

C. Regional Demonstration Experiments
Implementing restoration solutions and demonstrating their success to as much of the regional

community as poasibIe is fundamental to the objecti~s of the ERPP. During the 1996 floods, the
Sacramento County community watched the Preserve flood wltt~ little negative i~:apacts, and
recognized the value of widening the fiver and surrounding it with river-friendly and flood-
compatible land use.

Thei~ is no comparable large-scale river restoration project or regional demonstration
experiment in the Monterey Bay area. When the Pajaro Valley was flooded in 1995, the Santa Cruz
long-toed salamander a~d riparian trees were blamed for the flood because the river is habitat for
the endangered salamander and prevented flood agencies from removing trees in the narrow, diked
channel. The fiver would have flooded with or withoot tree removal. The dikes collapsed in three
locations where the straightened and confined channel crossed the old natural river bed. Flood
water flowed under the dikes into the old river sediments causing the dikes to liquefy with
catastrophic failure. Over 95% of the flood damage was caused by one major barrier to flood
retreat, Highway 1. Flood water ponded behind the highway for months, the town of Pajaro was
flooded ~br the first time, and over a foot of silt was deposited on farm land behind the highway.
The newspapers, politicians, most farmers, and most of the public still do not understand why this
happened.

The Salinas Valley has no similar barrier to flood retreat, and most flood waters retreated into
the river channel within 12 hours. Nevertheless, the new county plan for the ri’,’er is to dig deeper
ditches and make higher dikes. If our region had a demonstration experiment comparable to the
Preserve, we would be making plans and taking action to restore our rivers by letting them flow
and spread inore naturally, and we would be planning to remove or reduce barriers to flood retreat.

Regional demonstration experiments ~e needed for any key solution to important ecological
problems. This should be the first principal of applied ecology. The Central Valley has the
Cosumnes River P~’eserve.

D. Documenting Results
The results!progress/success of regional demonstration experiments need to be documented and

disseminated to the broadest possible public audience. The general objective of this prol:~sal is to
document the improvement in habitat quality and native ecosystems in the three large-scale landuse
experiments in the Preserve. We will document changes in water quality as an important
component of habitat improvement. We will also document changes in sedimeotat3’ habitats as part
of a more general characterization of aquatic habitats. These changes in the physical and chentical
habitat characteristics will be compared to changes in aquatic ecosystems in the tln~.e landuse
experiments. Benthic invertebrate communities will be used as the first indicator of ecosystem
development and health. They will be compared to ongoing sampling of fishes, birds and riparian
plants.
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Cosumaes River Preserve       7

Our general hypothesis is that the three landuse strategies/experiments on the Preserve result in
significant positive improvements in fresh water habitats and ecosystems. The first step in public
education is to present our final report as a website that can be expanded and made available to a
large audience. The success of Cosumnes Preserve must be shown to as many people as possible.
It is the best restoration project in the CALFED study area, and an excellent example for future
river restoration in the Monterey Bay area and for many other regions as well.

E. Linkages
The mest important linkage to the proposed project is with the past, ongoing, and fuCare

ecosystem restoration and other land management strategies/experiments on the Cosurmaes River
Preserve. Without the Nature Consarvancy’s river restoration and management practices on the
Preserve, there would be no need for this proposal, This linkage is fundamental. The proposed
project evaluates and documents the success of land management actions that restore a more natural
hydrologic regime to the Cosumnes River and wetland habitats of its lower floodplain. The multi-
agency effort to restore and protect the Cosumnes River ecosystem through levee removal,
improved land management practices, riparian and wetland restoration, and the elimination of fish
passage problems directly complements efforts undertaken by the ERP to restore the ecological
health of the Cosuranes River Ecological Unit and the bay-delta watersheds.

The proposed project also links directly to a number of complementary research monitoring
studies of other components of the P’rcserve ecosystem. Linking to these studies will provide a
more complete evaluation of the habitat quality and ecosystem development and health related to the
thlee Ianduse experiments that are the main focus of the proposed project, especially in the
seasonally flooded river habitals. The complementary investigations include: 1) California State
University Sacramento - a study of larval fish use of winter flooded bottomlands; 2) Fisheries
Foundation of California - a survey of fish in the flooded fields; 3) California Department of Fish
& Game - an inventory of fish and herptiles in the Cosumnes River Watershed; 4) Ducks
Uniimited- a project comparing waterfowl use and diets of birds using managed seasonal wetlands
and of birds using the organic rice fields; 5) Point Reyes Bird Observatory - a project measuring
song-bird breeding success in the floodplain habitat; and, 6) California Department of Fish &
Game - assessment of aquatic macro-invertebrates in the Cosurrmes River adjacent to the Preserve.

Another important linkage of the proposed won is to the programs at the Watershed Institute
(TWI) at California State University Monterey Bay. Moss Landing Marine Laboratories is a
founding partner of TWl, and is also the marine science department at California State University
Monterey Bay. All of our restoration projects, including the work proposed hare for the Cosmnnes
River, are done in partnership with TWI, which spearheads regional efforts to restore watersheds,
monitor progress aud success, and influence policy through the political process and public
education programs such as our adopt a watershed project, the "Return of the Natives." In the last
5 years, TWI has implemented a complete range of watershed restoration demonstration projecls
(over 30 project sites highlighted on TWI website) from the coastal dunes to the top of the
watershed in the Salinas Valley, except for one critical restoration stratogy/expetimenL We have
not been able to open dikes along the major rivers of the Salinas and Pajaro Valleys. Although
dikes have been opened along the lower Carmel River in our neighborb.ood, the Cosunmes River
Preserve ]Project is the best example of this essential ecosystem restoration strategy in large
agricultural landscapes, like the Central Valley and the Salinas and Pajaro Valleys.

CDFG Mussel Watch and Marine Pollution Laboratory are loca~d at Moss Landing Marine
Labs and also are founding partners of TWI. The ecosystem sampling and particularly the water
quality work proposed here was devel?jped on TWI restoration sites, with our local CDFG labs, In
addiiion, the marine lab and other TWI partners, CDFG Water Pollution Control Laboratory in
Sacramento (Jim Harrington), and the Central Coast Regional Water Quality Control Board are
conducting a joint study to develop a rapid bioassessment protocol to characterize, score and
evaluate bearable river habitats and lagoons.

The proposed project helps to d~curoent the achievement of ERP’s strategic objectives and
targets for habitat and hydrologic improvement on the lower Cosumnes River. Our results can be
applied to numerous other systems within the bay-delta, its tributary watersheds, and beyond.

I --014205
1-014205



related to ERP’s ecological processes and implementation objectives for the restoration of Central
Valley streamflows (ERP vol I, p.16); visions for the Cosumnes River ecological unit (ERP vol
pp. 346 and 348); and programmatic objectives to restore the hydrologic function of the Cosumnes
River and restore wetland and riparian habitats (ERP vol II, p. 258).

F. System-Wide Ecosystem Benefits
This proposal complements all projects in the Bay-Delta watershed as well as other flood-plain

and low-land habitats that rely upon water quality and habitat information in order to judge: a) the

achieving the goal of habitat improvement, and, c) the effectiveness of restoration programs or land
management practices (in this ease, removing levees to open historically occurring floodplains and
wetlands and organic rice farming) in achieving the goal of water quality improvement. The project
directly enhances the currently funded project to develop rapid bioassessment protocols for lagoons
and boatable waters io California’s central coast and other efforts to develop protocols for non-
stream systems. The information obtained by this project will augment the state biological database
and GIS to characterize and monitor wetland and riparian habitals,

G. Compatibility with Non-Ecosystem Objectives

system which maximizes all water resource values or ecosystem services, tn addition to restoring
river and other wetland ecosystems, the project is the most ecologically and economically sound
flood protection. The developing wetland fibers are the best way to clean up drainage water from

pollution. Surface waters can be stored in the expanded river habitats, at the scale done by beavers,
and reused tbr farm irrigation in the future, The increase in surface water retention in the expanded
wet corridors increases positive pressure at all potential ground water recharge areas along the wet
corridor: more water is present for longer periods of time.

IV, Technical Feasibility and Timing
There ate no CEQA, NEPA or other environmental compliance documents necessary for this

project. No permits need to be in place other than existing verbal agreements with the managers of

V. Monitoring and Data Collection Methodology
A. Ecological Objectives

quality and ecological function in multiple habitats through,o,,ut the state, and particularly along the
drainages into the bay-delta system. Naturally vegetated ri; ers, creeks, and marshes are excellent,
cost-effective water pollution filters (Hammer and Bastion 1989, Gearheart 1992, Hupp.et al,
1993, Puckett et al. 1993, Mitsch and Gosselink 1993). Wetland vegetation, including r~ce
rhizomes, creates a thick ecological sponge which physically filters sediment and organic-mineral
aggregates from surface water, while microorganisms that live on plant surfaces and in the
sediment capture, degrade and recynle many chemicals. We expect the recovering native vegetation
of the seasoual wetlands to alter physically and chemically the quality of the water flowing over it,
Likewise, we expect the rice fields and the native vegetatlort of the sloughs to do the same. Using
several sampling sites within each habitat we will directly measure multiple parameters of water
quality and general habitat quality. We will measure the health of the ecosystem by sampling
benthic invertebrate communities. Water quality and habitat condition are vital to the fishes living
there. To further define the quality of fish habitat we ",vii! sample the plankton coummni~y in the
flooded wetlands. We will maintain a flexible sampling regime to take advantage of minfafl events
and to coordinate with other ongoing ~esearch within the P~.se~we, particularly fish sampling. Our
proposed monitoring program will be carried out for three years.
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B. Monitoring Parameters and Data Collection Approach
Suspended sediments (turbidity) m~d nitrates are the best indicators of water quality

improvement from filtering farm drainage water flirough more naturally veget’a/ed habitats. They
can indicate sites that may contain higher levels of pesticides, herbicides, and metals that can be
sampled in sediments, in the tissues of native species, or in the tissues of freshwater clams in a
mussel watch protocol. In the dry seasons, the sloughs and rice areas in the Preserve are
influenced by delta waters with lower water quality, which will also be indicated by other water
quality parameters like salinity and dissolved oxygen. The multi-ehaanel water quality probe
measures turbidity, conductivity, temperature, dissolved oxygen and pH in the field. Nitrates and
phosphates will be measured in the laboratory directly after collection of water samples in the field.
We will measure a number of other habitat conditions including sediment grain size and organic
carbon, plant and other debris, plant cover, flow patterns and other hydrology, and plankton
communities over the flooded river habitats.

Benthic communities will be sampled using a wide variety of techniques during the early
sampling pe~iods to develop the most appropriate techniques for the Preserve. Rapid
bioassessmant sampling protocols are only developed for shallow, running water in coarse
deposits, where surface active and nestling animals are primarily collected. The Preserve habitats
are deeper, water does not flow fast, and finer depositional environments are common. Infaunai
animals are likely to be much more abundant, and surface active and nestling animals will also be
present. We will compare the running water sampling protocols, variations on these, and other
sampling techniques such as cores of finer deposits to develop the best quantitative description of
benthic communities. We will then develop a sampling protocol that can be used for rapid
bioassessment in these more ponded habitats, q’l:e protocol will depend also on the selection of
metrics by establishing relationships between benthic population and community parameters and
disturbance gradients (habitat quality).

C.Data Evaluation Approach
We will evaluate relationships between habilat quality and benthic communities with graphical

comparisons of descriptive statistics, with fennel pattern searching analyses (cluster analysis and
other muld-variate approaches), and with inferential statistics where appropriate. We will also
investigate relationships between habitat quality, benthic communities, and fish populations
(sampled by other groups in the Pleserve). Table 2 defines the biological/ecological objectives and
Table 3 outlines these analyfical approaches for the different types of sampling. Kerr and Chu
(1999) describe the approach for developing multi-metric indices, which involves much of the
same natural hi.~tory and data evaluation.

VI. Local Involvement
All work will be done on the Cosumnes River Preserve, whicfi is managed by the Nature

Conservancy and jointly owned by the following private and public agencies:

Bureau of Land Management
California Department of Fish and Game
California Department of Water Resources
Ducks Unlimited, Inc.
Sacramento County Department of Regional Parks, Open Space, and Recreation
The Nature Conservancy of Califerrfia
Wildlife Conservation Board

Since its inception ten years ago, the Cosumnes River Preserve has built a strong outreach
program which is aimed at educating the public and creating hands-on opportunities for all ages.
Last year nearly 28,000 people visited the Preserve. The Preserve has regularly scheduled, well-
attended volunteer work groups where participants spend the day actively restoring riparian
habitats, including oak groves, and cottonwood forests. They also may demolish buildings and
other structures, remove exotic species, or help with species counts. Volunteers lead tours,
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Table 2. Biological/Ecological Obieclives

Hypothesis/Question to be Monilorlng Parameterls) & data collection Data evaluatio~ approach Comments/data

Evaluated approach priority

Efforts o{ CRP to restore a Parameter 1) ~’qater quality: water is bottiD~ta will be entered into a database I

more n~tuxal hydrulc~gic sampled or~ site {or dissolved oxygen, pH, and evaluated with respect to station,

regime o{ the lower conductivity, turbidity, temperature, and inhabitat, treatment, season, rain events

Cosuwnes River and the lab for nitrates and phosphates, and year-

floodplains will result in " 2
improved water quality, Parameter 2) Biosurvey of benlhic Invertebrate data will be entered into a

and habitat for fishes, andinvertebrates: identify and quantify speciesdatabase and analyzed for application

other vertebrates m~d abundance, combine with assessment siteir~ future stm~dardized bioassessrnent

invertebrates, and grmia size data to colnmertce the protocols.

development of a standardized protocol for
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including walking, driving and kayaking, and regularly host school programs from their visitors’
center. They also have the opportunity to work directly with scientists, assisting them as they
collecl data throughout the Preserve. Nearly 7000 work hours were donated by volunteers last
year.

The most direct county government involvement with the Preserve is tl’a-ough the parks and
schools, but includes a nruch wider range of groups from public works, planning, flood and water
resources, to the supervisors. The Preserve has steadily expanded through diverse partnerships
over the decade, where adjacent private landowners, mostly farnrers, have been important and
willing partners. Preserve managers inform local landowners and stakeholders of fiver and
floodplain restoration and management activities. The key to these relationships is to treat Preset~’e
landuse activities as demonstration projects and provide public access through the formal and
informal education programs.

The results of the proposed project include an integrated evaluation of the ecological success of
the Preserve landuse experiments, particularly on aquatic habitats and ecosystems from plants and
benthic invertebrates to fishes and birds. These results will be incorporated into the Watershed
Institute website and linked to the Preserve site and other appropriate web sites. These links will
garner more and more local involvement and spread these outstanding, sustainable landuse and
watei~hcd restoration practices to a large and larger local community.

VII. Cost
The total budgeted cost requests are presented in Table 4, with task budgeted costs for each

year in Tables 5-7. Table 8 defines the budget by quarter. Project management will include costs
associated with time planning and implementing scheduled field, laboratory and office functions as
well as costs necessary to prepare for and travel to meetings with Called, Preserve, other state and
private agencies arid entities in order to ensure cooperation and the dissemination of data and
infolanation for the successful completion of the project.

The 47% indirect cost rate is the San Jose State University Foundation’s federally-negotiated
rate for use on grants, contracts and other agreements for on-campus research, The base equals
tntal direct costs excluding capital expenditures, that portion of each subaward in excess of
$25,000, participant support costs, student tuition remission and student support costs.

San Jose State University Foundation does not have a separate indirect cost rate for State-
funded grants and oontraets.

The schedule identifying the sta~’t and completion dates for specific tasks discussed above is
presented in Figure 3.

VIII. Cost Sharing
The most important cost sharing is provided by the Nature Conservancy programs and their

exemplary partnerships. They planned and irnplemented the landuse and ecosystem restoration
experiments that we propose to monitor and they will malntalu them into the future. The
cmnmhinent of TNC is well docurnanted by the last decade of success and growth on the landmape
and in their diverse partnerships. They are also continuaIly planning to expand this outstanding
work, beginning with land acquisitions and agreements and moving into restoration and olher
ecosystena friendly landuse to public education. This is critical cost sharing. TNC’s annual budget
for the Preserve is about a million dollars, Below we list cost sharing projects that are directly
related to tim research monitoring we propose.

Source ~ Amount

Dept. Water Resources Water quality and bioassessment development 40,000

Moss Landing Marine Labs Water quality and bioassessment development 25,000

The Watersb.ed Institute Water quality and bioassessment development 10,000
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Fib~are 3. Schedule of tasks. This represents the first and second year: third year we will terminate
sampling in July to allow time for final report writing.

~-~lSJ~ Oct    Nov Dec    Jan Feb    Mar Apt    May Jun    JulAug Sep
Field:Workl i ............................................................................

............ : : : : : : : : : : : :: : : : : : : : ~/o~.,~,~/~/~,~: : : : :~ic~a~ ......................

: :°.~’:. : : : : :: l:::: : : :: :: : ::: :: :::: ~9’Z;~0~,;~¢~:,".~: : : : :~:~;’~-~;~’: : :: : :: : :: : :::::: :::::
: :

Lab Work
I

D.a!~ ~n~lys~ ...........................................................................
,9.Wat~rO~ll~. ¯ ~ ....................

: :o!~. I:::::::::: .... :: ............................................................
~e~ct .......................... :.:.~j_~ ........................

: :~,~?q~: 0~0! : ............................................................................
?~ 9~i0 : : : : .................... ,.- - *~ .........

.~:~?,~f,.,.w~:,,’y?., :::::::::::::::::::::::::::::::::: .....
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Table 5. Task Budget Year One

Task i Direct Labor Direct iService Contraclsi Material and Miscellaneous and ~verhead and
! Hours Sala~ andI Acquisilion Costs other Direct Costs Indirect

I
Benefits I

Quality ......... 480 $ 1,00~ $6,392
Task 1,2 Field Work: ~              ]
Bioassessment 1500 $15 750 $8,20C $750 $11,609
Task 1.3 Field Work:

-- Plankton Tows 180 $4,72~ l $2’700i $750 ....

~ Task 2 1 Lab Work: Waler
.~ Quality $20,160 $1,350 $10,110

I’~ Bioassessment t .......... $18,900]
$1,350 $9,518

.~. Task2,3 LabWork: Plankton ] I .......
Tows $2,363 $1,300 $1,72 I

Analysis 120: $5,040 $2,369
Task 3, Data Analysis ¯ 240 56.300 $2,961
Task 4, Data

[
" ! ’

$2,46~

$ ,25o]
UBTOTALS $96,338’ $0! $ I 1,906 95,500 $53,45~
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RWQCB- REG 3 Water quality and bioassessment development 40,000 2

Fisheries Foundation/TNC Diversity and abundance of fishes in flooded habitat10,000 3

CSU S acramentoffNC Larval fish use of the flooded bottomlands 5,000 3

UC Davis/TNC Plant communities of the Preserve flooded habitat40,000 4

1 =- funded, 2 = pending, 3 = past and/or ongoing projects that will continue

IX. Applicant Qualifications

Dr. John Oliver is the project director and principal investigator. He will oversee all aspects
of the proposed study with a project manager. He has been an Adjunct Professor at Moss Landing
Marine Laboratories (MLML) and the director of research projects at the MLML Benthic Lab for
the past 20 years; and the Restoration Coordinator at the Watershed Institute since he helped found
it at California State University Monterey Bay in 1995. He is the MLML project co-director (with
Mark Stephenson who is the Director) for the CDFS Marine Pollution Study Group for almost a
decade. He has therefore directed several millions of dollars of reseach grants and contracts,
including over a decade of NSF grants for benthic disturbance ecology in coastal environments. He
spearheads the design, implementation, and support of water quality and ecosystem monitoring for
the Watershed Institute restoration projects in freshwater habitats of the Monterey Bay area (see
TWI website). He also helped design, implement, and suppmt the longest ongoing water quality
sampling in our regional watersheds at the Elkhom Slough Foandadon, including local TNC
lands. He has world wide experience in benthic marine communities, especially how they respond
to natural and anthropogenic disturbances. He developed a benthic disturbance index during the
state’s bay protection program which correlated well with sediment contamination. This process
brought his lab into parmership with CDFG Water Pollution Control Laboratory (Jim Harrington)
exploring benthic invertebrate communities in coaslal watersheds and developing rapid
bioassessment techniques as deserlbed in the proposal. His marine and estuarine disturbance
studies parallel the freshwater natural history which is the foundation of the rapid bioassessment
approach. In addition to developing rapid bioassessment protocols for non-running, more ponded
waters, his group is working on brackish protocols ag well.

Jim Harrington is a project co-investigator who was instrumental in attracting Moss Landing
Marine Lab staff and students into freshwater benthic communities. He will be invoh,ed in all
aspects of the benthic invertebrate sampling and rapid bioassessment development. He helped
initiate a joint program with the marine lab and RWQCB to sample for the first time the benthic
conmmaities in the rivers of the Monterey Bay area. Jim spearheads the benthic community studies
at the CDFG Water Pollution Control Laboratory near Sacramento, which designs and conducts
monitoring programs throughout California. He is involved with developing rapid bioassessment
protocols for California organizing the California Aquatic Bioassessment Workgranp, and
designing and conducting bioassessment investigations of point and non-point sources ofpo ution
and enforcement of Fish and Game code 5650. He has extensive experience in water quality,
aquatic toxicity testing, stream gravel quality assessment, aquatic habitat measurements, and
aquatic biota surveys used to assess status and damage and to monitor recovery of aquatic syslems.

Dr. Steven Morgan is a project co-investigator who will supervise the plankton studies and
assist and advise staff and students on all aspects of ecology. He is an Associate Professor with
joint appointments in the Department of Environmental Science and Policy and Bodega Marine
Laboratory at UC Davis. Morgan specializes in plankton and studies population and community
ecology, behavioral ecology, evolution of life histories, biogeography, global change and
conservation biology. His research interests concern the physical, chemical and biological
processes that regulate the timing of reproduction, larval dispersal and larval settlement; aud how
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predation and other selective forces shape animal life histories. His past work has f~cused in
coastal marine environments, but his new position at Davis places him in a excellent location to
explore the bay-delta systems.

Dr. Kenneth Conic is a project co-investigator who will help with laboratory quality
control, evaluation, and analysis of water and sediment chemistry. He has ongoing and past
projects exploring sediment chemistry in the bay-delta system, and will relate results from the
proposed project to his other work. He will also advise graduate students with their master’s thesis
work, which we plan to work into the project. He is the Acting Director of Moss Landing Marine
Laboratories with extensive experience in marine and coastal sediment and water chemistry, and
particularly with trace metal biogeechemistry (25 years). For the last 10 years, Dr. Coale has
received funding from the National Science Foundation and the Office of Naval Research to study
the processes which control the flux of toxic metals and nutrients between the sediments and
overlying waters of the LA]Long Beanh, San Francisco Bay, and continental coastal margin
systems using benthic flux chambers and sediment porewater modeling. He has also helped direct
important experiments in biogeechemistry concerning the role of iron in global productivity.

Dr. Rich Reiner is the Director of Research at the Cosumnes River Preserve. He is moving
to a Nature Conservancy project in northern California and a replacement will be selected soon.
This person will take over Dr. Reiner’s role at the Preserve and coordinate with our project on the
Preserve. This proposal is a direct outcome of Rich’s encouragement, competent assistance, and
coustant support. He has developed and coordinated past research work on the Preserve, including
the plant, bird, and fish work that is part of the ecosystem evaluation we propose. More important,
he is central to implementing, maintaining, and expanding the outstanding restoration experiments
and educatiun programs which are the Preserve.

Dr. Robert Curry is a project co-investigator who will help in characterizing the quality of
the aquatic habitats at the study sites, in quantifying these measures, and in advising staff and
graduate students. He is Professor Emeritus at the University of California Santa Cruz and the
Reseaxch Director at the Watershed Institute. He is a hydrologist and ecologist with extensive
experience in watershed management, restoration, and other applied watershed science.

Mark Stephenson is a project co-investigator. His group’s role is small but critical as they
helped developed the water quality and sediment sampling for the watersheds of the Monterey Bay
area as a founding member of the Watershed Institute. Mark is the Director of CDFG Marine
Pollution Study Group, which has spearheaded the monitoring and evaluation of water mad
sediment contamination in marine ~md estuarine environments along the entire California coast.
They also have active research programs involving trace metals in sediments of the bay-delta
system. His group is helping with the development of rapid bioassessment protocols through the
RWQCB, particularly with the description of anvironmantal disturbance gradients used to define
metrics for the multi-metric indices. He is invaluable at guiding and supporting graduate students
working on the ecosystem impacts of anthropogenic chemicals in water and sedimentary habitats,
and will condnue this role with staff and students in the proposed project.

X. Compliance with Standard Terms and Conditions.
This project is in compliance with standard terms and conditions. See attached documents.
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NOND~CRIMINAf30N COMPLtANC~t STAT~M ENT

company named abovz (he~-dr~r re ferr~l to ~ "p~flv~ c~) h~by c~, ~

I --014221
1-014221



I --014222
1-014222



OMB Approval No. 0348"/J043

FEDERAL ASSISTANCE               4/15/99

Sacra r~ento Cr~unty
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ASSURANCES - NON-CON~"I’RUCI’IOR PROGRAMS

rsducing this burden, to Ihe Office of Msnagemenl and Budget, Paperwork Reduction Project (0348-0040). Washington, DC 20503~

~PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.
[SEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY.

I. Has Ihe legal authority to apply for Federal assistance Act of 1973, as amended (29 U.S.C. §794), which
and the institutional, managedol and financial capability prohibits discrimination on the basis of handicaps; (d)
(including funds sufficient to pay the nsn-Federal share the Age Discrimination Act of 1975, as amended (42
of project cost) to ensure proper planning, management U.S.C. §§6101-6107), which prohibits discrimination
and completion of the project described in this on the basis of age; (e) the Drug Abuse Off]e~ and

through any authorized representalive, access to and Act of 1970 (P.L 9t-616), as amended, relating to

docur~snts related to the award; snd will sstablish a alcoholism; (g) §§523 and 527 of the Public Health
proper acoBunt[ng system in accordance with generally Service Act of 1912 (42 U.S.C. §§990 dr-9 and 290 ee

and drug abuse patient records; (h) Tille VIII of the

1970 (42 LI.S.C. §§4729-4763) relating to prescribed requlremsnts of Titles II and III of the Uniform
standards for merit systems for programs funded under Relocation Assistance and Real Property Acquisition
one of the 19 statutes or rsguIstions spesffled In Policiss Act of 1970 (P.L 91-646) which provide for

Personnel Administrstion (5 C,F,R. 900, Subpad F}, whos~ property is acquired as a result of F~d~ral or

Amendments of 1972, as ~rnended (20 U.S.C. §§1691- Hatch Act (5 U.S.C. §§150t-1508 and 7324*7328)
t~83, and 1685-16~6), which prohibits discrimination on which limit the political acUvities of employees whose
the basis of sex; (c) Section 504 of the Reffab[litation principal empIoymect activities are funded in whole or

in part with Fedsrsl funds.
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9. Will comply, as applicabte. ,Wilh the provisions of the Davis- 12. Will comply with the Wild and Scenic R~vers Act of
Bacon Act {40 U.S.C. §§276a to 276a-7), the Copeland ACt 1968 (16 U.S.C. §§1271 et seq.) related to protecting
(40 U.S.C. §276c and 18 U.S,C. §874), and the Contract components or potential components of the national
Work Hours and Safety Blandards Act [40 U.S.C. §§327- wild and $¢enic dyers system.
333), regarding labor standards for federally-a=si=sted
construction subagreements. 13. Will assist Ihe awarding agency in assudng compliance

recipients in a special flood hazard area to padioipate in Ihe 1874 (16

insu table construction and acquisition is $10.000 or more. 14. WilicomplywithP.L. g3-34g regarding the p~oteclion of
human subjeefa Involved in research, development, and

prescribed pursuanl to the following: (a) Institution of

Environmental Policy Act of 1969 (P,L. 91-190) and ~966 (P.L. B9-5,~4, as ~.mende~, 7 U.S.C. §§2131 et

program developed under the Coastal Zone Management Prevention Act (42 U.BC. §~4801 et seq.) which
Act of 1972 (16 US.C §§14S~, el seq); (fl conformity ol prohibits the use of lead-based paint in construction or

amended (42 U.SC. §§7401 et seq.); (g) protection of 17. Will cause ~o be pedormed the required financial arid

Drinking Water Acl of 1974, as amended (P.L. 93-523); Act Amendments o11996 and OMB Circular No. A-133,
and, (h) protection of endangered spe¢ies under the °Audits of States, Local Governments, and Non-Profit
Endangered Species A;t of 1973, as amended {P.L, 93- Organizations."
205).

SIGNATURE OF AUTHORIZED CERTIFYING OFFICIAL TITLE

~ ~~
Acting AVP, Graduate 9tudies and Research
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BUDGET INFORMATION - Non-Construction Programs

(o) (b) (c) (a) (~) (f) (g)

~. SO

~, $0

4. So

5. ~TA~ SO SO $167,194 ~ $167,194

o S $91,7~

e. su~s $2,~ $2,~

$0 SO $0 $0 I SO
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